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Lean construction (LC) tools are proposed to resolve the issues of construction waste. LC is a continuous
improvement in the construction processes that can manage the construction waste efficiently. The
implementation of LC also will secure a better health and safety environment and accomplish in sustaining
growth and profitability of an organisation. This study was conducted to investigate the availability of LC tools
and its implications towards the quality of a construction product via the survey questionnaire. The
questionnaire was sent to the contractors that register with the Construction Industry Development Board
Malaysia (CIDB) underclass G7 categories in Malaysia. Based on the findings, the most LC tools implemented
in the Malaysian construction industry are teamwork, daily hurdles meetings, and 5S. The implementation of
LC tools can give a positive impact on the quality of the construction project. It shows that construction
projects will produce a higher quality of the product by implementing LC. The findings outlined in this paper
could be essential for the future framework of LC tools that can enhance the contractor’s quality of a product
towards sustainable low carbon emission development.

1. Introduction

Sustainable construction is a way forward for the construction industry to accomplish sustainability in
development, while excessively taking environmental, socio-economic and cultural issues into consideration
(Shafii et al., 2006). Nevertheless, many construction wastes are being produced due to the rapid
development of the construction industry affected the environment solely (Fu and Teng, 2014). Equally, this
problem occurred in the Malaysian construction industry due to the tremendous level of construction activity
(Mah et al., 2017). Begum et al. (2010) reported industrial and construction industry generated 28.34 % of
construction waste due to the current demand for building and infrastructure projects in Malaysia.
Simultaneously, this issue overwhelmed the deficiency of overall worldwide resources, the economy, social
and environment (Nagapan et al. 2012).

Construction waste refers to waste resulting from defective materials, leftover materials and wastage (Poon et
al., 2004). There are seven categories of construction waste under the lean mechanism, which are the
correction, over-processing, delay, inventory, conveyance, overproduction, and motion (Ogunbiyi et al., 2013).
According to Abdul Rahman et al. (2012), waste can be generated during the designing goods and services
processes, and mistake by human too. Construction waste gives an enormous impact on project costs and
time of any of construction projects (Nagapan et al., 2012). The construction industry in Malaysia is urged to
move from traditional wet construction method towards innovative construction techniques to overcome this
issue.

LC is proposed resolving the issues of construction waste. Fundamentally, LC is a concurrent and continuous
improvement in the construction processes that capable of in managing the construction waste (Marhani et al.,
2012). LC is necessary for overcoming the issues and adequate in reducing the overall cost and duration of a
construction project (Jaapar et al. 2015). The implementation of LC also promises a better quality of the
construction project and will improve its performances too (Cho, 2011).

This article is intended to investigate the availability of LC tools and its implications towards the quality of a
construction product in Malaysia. This paper also proposed to recommend a framework for LC tools that
suitable for the Malaysian construction industry. This proposed framework will enhance the future of
contractor’s quality of a product towards sustainable low carbon emission development.
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2. Lean construction

LC is an alternative mechanism that can be implemented in the Malaysian construction industry in settling the
issues of construction waste. According to Yahya and Mohamad (2011), LC is about managing and improving
the construction process by eliminating construction waste to meet the client’s need. LC is also aiming for a
better delivery process, concurrent and continuous improvement to the construction project throughout the life
of the project. By implementing LC, an organisation will secure a better health and safety environment and
accomplish in sustaining growth and profitability the organisation itself.

Table 1: LC tools in construction

LC tools Coding Authors

Standard Forms LC1 Johansen and Walter (2007)

Management Contracts LC2 Engineers Australia (2012)

Total quality management LC3 Engineers Australia (2012)

(TQM)

Concurrent Engineering LC4 Engineers Australia (2012)

Value-based Management  LC5 Koskela (1992)

Increased Visualisation LC6 Construction Industry Research and Information Association (2013)

Standardisation of Work LC7 Engineers Australia (2012)
Last planner system (LPS) LC8 Engineers Australia (2012)

Business Process Re- LC9 Koskela (1992)

engineering

Five Why's LC10  Sureshetal. (2011)

Daily Huddle Meetings LC11  Engineers Australia (2012)

First Run Studies LC12  Building Research Establishment Ltd (2013)
Error Proofing (Poka-yoke) LC13  Engineers Australia (2012)

Partnering LC14  Johansen and Walter (2007)

Teamwork LC15  Alinaitwe (2009)

Computer-aided Tools LC16  Johansen and Walter (2007)

Supply Chain Management LC17  Johansen and Walter (2007)

Just-In-Time LC18 Engineers Australia (2012)

The 5S Process LC19  Construction Industry Research and Information Association (2013)
(Housekeeping system)

Industrialised Building LC20  Suresh et al. (2011)

System (IBS)

1. ldentify value N

2. Map the value stream

5. Seek perfection 3. Create flow

4. Establish pull /

Figure 1: LC principles. Source: Marhani et al. (2012)
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The literature showed there are implications to the construction project during the implementation of LC.
According to Cho (2011), the implementation of LC promotes the construction project performances. These
project performances can be measured in term of quality, cost and time (Construction Industry Research and
Information Association, 2013). A construction project also can be measured through safety aspect, client’s
satisfaction, team member and environmental attributes (Cho, 2011).

This article only concentrates on the impact of LC mechanism on the quality of a construction project.
According to Ogunbiyi et al. (2013), LC will provide a higher quality of product and the product itself is
constructed as planned (Bashir, 2013). By implementing LC, it will increase the functionality of a project and
reduce the numbers of defects (Aziz and Hafez, 2013). This LC mechanism needs an organisation to adopt
appropriate or suitable LC tools to reap its benefits.

Previous researchers suggested specific tools or key concepts or techniques in their frameworks or
guidelines. By using appropriate and proper tools (Suresh et al., 2011) to delivery process of a construction
project, LC will provide more significant gains to the organisation. Thus, it shows the LC tools are present as
the instrumental tool for the realisation of LC mechanism (Salem et al. 2005). There are twenty numbers of LC
tools as per Table 1. An organisation should apply the application of these LC tools to gain the greater benefit
of the mechanism. All these tools are using the LC principles in their activities. As per Figure 1, there are five
LC principles, which are identify value, map the value stream, create flow, establish pull and seek perfection.
These LC principles are incorporated and practised throughout the construction processes. Thus, the
cooperation of team members and continuous improvement in enhancing the whole construction processes is
needed during the forming of these LC principles.

3. Methodology

This paper concentrated on the availability of LC tools and its implications towards the quality of a construction
product. A questionnaire survey is carried out to collect quantitative data, which included nine questions. This
research method is also designed to identify the contractors who implemented the LC tools in their
construction projects. Additionally, the study uses a 5-point Likert as a point of scales, which range from 1 =
never use/strongly disagree to 5 = frequently use/strongly agree.

In this study, the unit of analysis used is the organisation. The data used is collected from contractors in
Malaysia. The questionnaire was sent to randomly 392 contractors as well as a small sample of academics
with interest in LC (5 for a pilot study and 387 for the primary study). Based on a stratified random sampling
design, the target population for contractors was based on 6,000 companies that register with the CIDB
underclass G7 (projects greater than Ringgit Malaysia 10 million) categories and were identified from the
CIDB directory.

44 questionnaires were returned within seven months of being forwarded, making the complete response rate
only 11.2 %. This response rate was finally achieved after several efforts were conducted regarding personal
contacts and follow-up emails and calls. It is believed that the low rate of responses was due to the attitude,
busy schedule and unwillingness of the respondents to participate in the survey. Although the norm response
rate in the construction industry for postal questionnaires is around 20 — 30 % (Takim et al., 2004), the authors
believed 11.2 % is uncommon but still acceptable. For instance, Dulaimi et al. (2003) received 5.91 %, Ofori et
al. (2013) obtained 11.03 %, and Yunus (2012) received 14.9 % for their studies. The authors are confident
with the respondents, who are taken from a high-quality group. Even if the survey response is not significant, it
still produces substantial findings and outcomes to the study (Che Ibrahim, 2014).

4. Result and discussion

According to address the objectives of this study, this section presents an analysis of the data obtained
through the quantitative research. A questionnaire survey conducted to ascertain the perspective of the LC
tools to promote a better quality of construction project for the Malaysian construction industry. The quality that
has been discussed here were either the LC tools provided a higher quality of a project, achieved the quality
of a product as planned, increased the functionality of project and reduced nos. of defects. The findings will
then be used to develop further and refine the LC tools framework.

4.1 Demographic study

The distribution or mixture of the professionals and organisations involved in this study is presented in Table
2. The largest proportion of the participants was meant for others, which were site quantity surveyors and
contract officers (70.5 %) while 40.9 % of the respondents had more than ten years of experience in the
industry. 32.9 % of them were involved in the housing project, and 35.2 % of the project sizes were worth
more than 50 x 10° MYR. It can be concluded that most of the respondents were from practitioners’ holdings
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managerial positions with more than 10 years’ experience in the industry. Furthermore, most of the
respondents were involved a lot in housing projects size more than 50 x 10° MYR. Their responses and
thoughts are under a strong effect on the results of the study and established the reliability of the research as
well.

Table 2: Distribution of the questionnaire survey

Designation Experience (y)
Managing Director Project Manager Site Supervisor  Others Below 5 5-10 Above 10
9.1 % 15.9 % 4.5 % 70.5 % 38.6 % 20.5 % 40.9 %
Project type Project size (10° MYR)
Commercial Industrial Housing Civil engineering Others <2 2-5 5-10 10-50 > 50
274 % 6.8 % 329 % 24.7 % 8.2% 11% 111% 222% 204% 352%

4.2 The potential of LC tools

To identify the availability of LC tools in Malaysia, Table 3 indicates the list of LC tools. These tools were
examined according to the construction stages (project definition, lean design, lean supply, lean assembly and
use) by ranking them considered their mean values (y) and standard deviation (ox).

Table 3: List of LC tools during construction stages

Project definition Lean design Lean supply Lean assembly Use
LC J ox LC d ox LC M ox LC d ox LC d Ox
tools tools tools tools tools

LC15 3.82 1.225 LC15 3.86 1.212 LC15 3.77 1.054 LC11 3.80 1.091 LC19 348 1.406
LC3 3.70 1.250 LC4 3.68 1.157 LC11 3.66 1.119 LC18 3.75 0.991 LC4 3.45 1.066
LC1 366 1.180 LC7 3.66 1.033 LC8 3.64 1.036 LC15 3.70 1.091 LC17 345 0.999
LC7 3.61 1.146 LC8 3.66 1.219 LC17 3.64 1.143 LC9 3.61 1.083 LC15 343 1.208
LC11 359 1.282 LC16 3.66 1.380 LC3 3.55 1.088 LC3 3.59 1.106 LC3 3.41 1.085
LC16 3.59 1.452 LC12 3.61 1.385 LC16 3.52 1.303 LC8 3.59 1.127 LC7 3.36  1.102
LC2 3,57 1.301 LC11 3.57 1.301 LC18 3.50 1.151 LC17 3.57 1.149 LC8 336 1.163
LC17 348 1.248 LC14 3.55 1.190 LC2 3,50 1.229 LC4 352 1.000 LC11 3.30 1.153
LC4 343 1.189 LC17 3.52 1.248 LC20 3.50 1.321 LC16 3.50 1.267 LC9 3.30 1.250
LC14 343 1.283 LC1 343 1.283 LC10 348 1.338 LC10 3.50 1.355 LC20 3.30 1.374
LC12 343 1453 LC3 3.39 1224 LC4 345 1.150 LC20 3.48 1.320 LC16 3.27 1.318
LC8 3.39 1385 LC2 3.39 1.243 LC5 341 1.187 LC5 3.41 1.148 LC18 325 1.102
LC10 3.36 1.366 LC20 3.36 1.382 LC1 3.39 1.125 LC12 3.41 1.245 LC2 323 1.198
LC5 3.32 1.235 LC10 3.36 1.416 LC7 3.36 1.080 LC6 3.39 1.166 LC1 323 1.255
LC19 3.32 1.360 LC5 3.34 1.160 LC9 3.34 1.160 LC1 3.34 1.055 LC5 3.18  1.147
LC9 3.30 1.304 LC13 3.25 1.349 LC14 3.34 1.256 LC7 3.34 1.077 LC6 3.16  1.180
LC6 3.23 1.344 LC9 3.23 1.309 LC12 3.32 1.308 LC14 3.32 1.157 LC12 3.16 1.238
LC13 3.20 1.340 LC18 3.20 1.340 LC6 3.25 1.296 LC19 3.30 1.391 LC10 3.16  1.293
LC20 3.18 1.402 LC6 3.16 1.275 LC13 3.18 1.281 LC2 3.23 1.138 LC14 3.09 1.117
LC18 3.05 1.311 LC19 3.16 1.311 LC19 3.16 1.311 LC13 3.00 1.181 LC13 3.09 1.197

Teamwork is reported with the highest p = 3.82, ox = 1.225 during the project definition, y = 3.86, ox = 1.212
during the lean design and p = 3.77, ox = 1.054 during the lean supply stage. Daily hurdles meetings are
preferred during the lean assembly (highest y = 3.80, ox = 1.091) while 5S is favoured during the use stage
(highest p = 3.48, ax = 1.406). It shows the contractors frequently used the twenty numbers of LC tools since
all the LC tools received a p greater than 3.00 throughout the construction processes. Teamwork, daily
hurdles meetings, and 5S are the typical LC tools implemented by the contractors in Malaysia.

4.3 The implication of LC tools towards quality of a product

Table 4 indicates the implication of LC tools towards the quality of a product. According to the respondents,
implementing teamwork in a construction project would provide a higher quality project (highest p = 4.11, ox =
0.97) and increase the functionality of the project (highest y = 3.95, ox = 0.861). By implementing TQM, it
would reduce the numbers of defects (highest p = 4.07, ox = 0.974) and achieve the quality of a product
(highest p = 3.95, ox = 0.939). It shows teamwork and TQM are the most strongly agree of LC tools that
reflect the quality of a product in the construction project. By implementing these LC tools, it will provide a
higher quality of a construction project.
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Table 4: Implications of LC tools towards quality of a product

Providing a higher quality ~ Achieving quality of  Increasing the functionality of Reducing nos. of defects

of project product as planned project

LC M Ox LC V] Ox LC M Ox LC V] Ox
tools tools tools tools

LC15 4.1 0.970 LC3 3.95 0.939 LC15 3.95 0.861 LC3 4.07 0.974
LC3 4.07 0.950 LC7 3.93 1.043 LC7 3.77 1.008 LC4 4.02 1.171
LC7 3.95 0.963 LC15 3.84 1.140 LC16 3.75 1.059 LC15 3.86 1.025
LC4 3.86 1.153 LC4 3.82 1.018 LC9 3.75 1102 LC11 3.82 1.018
LC1 3.82 1.063 LC2 3.82 1.167 LC10 3.75 1.102 LC7 3.82 1.084
LC2 3.77 1.075 LC6 3.77 1.031 LC1 3.75 1.222 LC13 3.77 1.159
LC16  3.77 1.118 LC1 3.77 1.159 LC3 3.73 1.149 LC1 3.77 1.273
LC18 3.77 1.159 LC11 3.73 1.246 LC4 3.70 1.133 LC10 3.70 1.112
LC5 3.75 1.123 LC5 3.70 1.047 LC2 3.70 1.212 LC6 3.68 1.137
LC19 3.66 1.119 LC17 3.68 1.157 LC6 3.68 1.052 LC19 3.68 1.137
LC10 3.66 1.200 LC16 3.66 1.077 LC18 3.66 1.055 LC2 3.68 1.272
LC13 3.64 1.163 LC10 3.55 1.109 LC20 3.66 1256 LC20 3.68 1.308
LC17 3.64 1.203 LC13 3.55 1.150 LC17 3.64 1123 LC18 3.66 1.238
LC12 3.61 1125 LC20 3.55 1422 LC11 3.64 1.143 LC12 3.64 1.183
LC6 3.61 1166 LC19 3.52 1.191 LC13 3.64 1.222 LC16 3.61 1.125
LC8 3.50 1.067 LC8 3.50 1.067 LC8 3.61 1.166 LC5 3.59 1.187
LC14  3.50 1.191 LC9 3.50 1.151 LC19 3.50 1.089 LC9 3.57 1.129
LC9 3.45 1150 LC14 3.48 1.110 LC12 3.50 1.210 LC17 3.52 1.267
LC20 345 1190 LC18 3.48 1.151 LC5 3.48 1.023 LC8 3.39 1.104
LC11 3.43 1.319 LC12 3.41 1.226 LC14 3.45 1.109 LC14 3.39 1.125

5. Conclusions

Based on the findings, it is discovered that most of LC practitioners in the Malaysian construction industry is
knowledgeable regarding this mechanism. Most of them are manageable in dealing with its principles and
tools. In the Malaysian construction industry, teamwork, daily hurdles meetings, and 5S are the most LC tools
being implemented. Teamwork is very crucial when performing LC in a construction project. Cooperation and
participation of all members in thinking, planning, decision-making, and action will smoothen the construction
process. By implementing daily hurdles meetings, it will establish a platform for the team members to share
their view in solving any problem during the lean assembly process. 5S will make a better and more
comfortable working environment at the site. All these LC tools are best to be in the LC tools framework. TQM
is advised to be on the list of LC tools framework. It will help any contractor to utilise its’ human and material
resources to achieve customers’ satisfaction, profit, and growth of the contractor itself.

LC tools can give a positive impact on the quality of the construction project. It shows that construction
projects will produce a higher quality of the product by implementing LC. Hence, implementation of LC tools is
beneficial to the contractors and at the same time, it will enhance the client satisfaction.

The results could assist contractors intending to adopt LC in selecting the appropriate tools to address their
needs. The findings reported in this paper could be essential for a future LC tools framework that can enhance
the contractor's quality of a product towards sustainable low carbon emission development. Forthcoming
research in a similar area will be done on case studies that have implemented LC mechanism by interviewing
resource people on the site.
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